focused on selected us ICT firms by KANG, Seok-Moo
 
 
 
A STUDY ON FIRM-LEVEL OUTPUT GROWTH, TOTAL FACTOR  
PRODUCTIVITY, AND FINANCIAL PERFORMANCE: 
FOCUSED ON SELECTED US ICT FIRMS 
By 
 
KANG, Seok-Moo 
 
 
 
 
 
 
THESIS 
 
Submitted to 
KDI School of Public Policy and Management 
in partial fulfillment of the requirements 
for the degree of 
 
MASTER OF DEVELOPMENT POLICY 
 
 
 
2015 
 
 
 
A STUDY ON FIRM-LEVEL OUTPUT GROWTH, TOTAL FACTOR  
PRODUCTIVITY, AND FINANCIAL PERFORMANCE: 
FOCUSED ON SELECTED US ICT FIRMS 
By 
 
KANG, Seok-Moo 
 
 
 
 
 
THESIS 
 
Submitted to 
KDI School of Public Policy and Management 
in partial fulfillment of the requirements 
for the degree of 
 
MASTER OF DEVELOPMENT POLICY 
 
 
 
2015 
Professor Seung-Joo LEE 
 
 
 
A STUDY ON FIRM-LEVEL OUTPUT GROWTH, TOTAL FACTOR  
PRODUCTIVITY, AND FINANCIAL PERFORMANCE: 
FOCUSED ON SELECTED US ICT FIRMS 
By 
 
KANG, Seok-Moo 
 
 
THESIS 
 
Submitted to 
KDI School of Public Policy and Management 
in partial fulfillment of the requirements 
for the degree of 
 
MASTER OF DEVELOPMENT POLICY 
 
 Committee in charge: 
Professor Seung-Joo LEE, Supervisor  
Professor Yoon Cheong CHO  
Professor Jinsoo LEE 
 
 
Approval as of December, 2015 
4 
 
ABSTRACT 
 
 
 
A STUDY ON FIRM-LEVEL OUTPUT GROWTH, TOTAL FACTOR PRODUCTIVITY, 
AND FINANCIAL PERFORMANCE: 
FOCUSED ON SELECTED US ICT FIRMS 
 
By 
 
Seok-Moo Kang 
 
 
Productivity is believed to be a key driver for a firm’s growth, especially for information and 
communication technology firms. This study calculated the total factor productivity growth of 
the major US ICT companies, and analyzed the relationship between the firms’ total factor 
productivity and output growth. This study also investigated the factors affecting the firm’s total 
factor productivity growth.  
The analysis shows that the selected firms’ output growth is positively affected by the firms’ 
capital input growth the most, followed by the firm’s total factor productivity growth. The firms’ 
total factor productivity growth is negatively affected by the cost factors. However, the factors 
affecting the individual firm’s total factor productivity growth are different across the firms. For 
example, in the case of Oracle, the firm’s total factor productivity is very positively affected by 
the technology innovation factor. 
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1. Introduction 
 
Today we are living in the ICT (Information & Communication Technology) age. We 
generally believe that ICT has been playing a crucial role in productivity growth, and vice versa. 
Therefore, there have been many studies on ICT and productivity. For example, the ICT industry 
itself is believed to be more productive than the other industries. Many articles showed the 
productivity growth of the ICT industry is higher than the other industries. Secondly, there are 
many researches on different contributions of the ICT capital and non-ICT capital to productivity 
growth. The results were mixed. In some countries, the ICT capital was more important to 
productivity growth, but not in some other countries. However, there are relatively a small 
number of studies on firm-level productivity, especially the firm-level productivity of ICT firms. 
Is the output growth of ICT firms driven by the productivity? Or, as opposed to our general 
beliefs, does the capital or the labor contribute more to the output growth than the productivity? 
The productivity of ICT firms is mainly coming from cutting-edge technologies, or smart and 
savvy engineers? This research tried to analyze the source and the role of productivity in ICT 
firms, especially focused on some selected US ICT firms. 
 
1.1 Objective of the study 
 
The main objective of this study is categorized into three: to find what the main source of 
the output growth of the selected US ICT firms is, to analyze what affects the total factor 
productivity growth of those firms, and to find what the total factor productivity growth affects 
in terms of the firms’ financial performances.  
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1.2 Research questions 
 
So far, total factor productivity is mostly used for analyzing country-level or industry-level 
output growth. There are some studies on firm-level total factor productivity, but many of them 
are simply calculating firm-level total factor productivity, or focused on one side of the 
productivity such as the factors affecting the productivity. In contrast, this study focused on the 
both sides of firm-level productivity; how the productivity affects output growth, and how the 
productivity is formed. Thus this study asks: 
 
I. What drives major US ICT firms’ output growth? 
A. Is it capital-driven, labor-driven, or total factor productivity driven? 
II. What is the source of firm-level total factor productivity growth? 
A. Are there the economies of scale in firm-level total factor productivity growth? 
B. Do costs affect firm-level TFP growth? (cost-saving channel) 
C. Does the quality of human capital affect firm-level TFP growth? (labor quality 
channel) 
D. Does R&D affect firm-level TFP growth? (technology innovation channel) 
E. How different are the TFP growth drivers among the companies? 
III. How does TFP growth affect a firm’s financial performance? 
A. Does TFP growth affect revenue, profit, and/or profit growth? 
  
2. Theoretical Context 
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2.1 Conceptual Framework (Literature review) 
 
There are many researches on total factor productivity. In many studies, the total factor 
productivity is calculated at country-level, industry-level, or company-type such as large 
enterprises and small enterprises. This is useful for comparing country to country or industry to 
industry. However, studies on the total factor productivity of firm-level or famous companies 
such as Google are not so many. One reason for that might be lack of data. For example, Google 
was listed in 2004 and therefore the data for Google’s total factor productivity is only about 10 
years.  
The early studies were mainly focusing calculating the total factor productivity growth itself. 
Sung (1997) calculated the total factor productivity of Korea Telecom, but did not provide the 
factors affecting the firm’s total factor productivity. Yang (2005) calculated and compared the 
total factor productivity growth between large enterprises and small and medium enterprises in 
Korea from 1991 to 2002. The paper did not suggest the influential factors for the total factor 
productivity growth either. 
In recent researches, some scholars began to try to find the factors affecting total factor 
productivity growth. Kim (2012) analyzed the total factor productivity growth of Korean firms 
by size. The paper showed that the total factor productivity growth of the large enterprises was 
0.5%p higher than that of the small and medium sized companies from 1984 to 2009. The paper 
also showed R&D intensity is positively affecting the total factor productivity of small 
companies, but not statistically affecting the total factor productivity of medium sized company. 
Oh and Lee (2011) analyzed the total factor productivity growth in the Korean 
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telecommunications market. The paper calculated the industry’s total factor productivity growth 
and used previous year’s output, marketing expenses, regulations, and competition as 
independent variables for total factor productivity growth. The paper suggested that economies 
of scale are the most important factor for the total factor productivity growth of the Korean 
telecommunications industry, followed by regulations. 
 
2.2 Theoretical background 
 
Basically, productivity is a function of inputs and outputs. If a company produces more with 
the same input, the productivity grows. Likewise, if a company produces the same with the less 
input, the productivity also grows. Therefore, in terms of the input side, cost savings might be 
negatively influential to total factor productivity. One working paper from National Bank of 
Belgium (van Ark, 2014) stated that total factor productivity has also been referred to as “real” 
cost reductions.  
Other factors affecting total factor productivity could be technology, human capital, and 
economies of scale. Jung (2011) developed the model decomposing the total factor productivity 
into technology change, technical efficiency change, and scale effect. The paper argued that 
Korean ICT companies’ total factor productivity growth is primarily from technology change 
while technical efficiency change and scale effect are getting worse. Heshimati and Kumbhakar 
(2011) adopted technology index to calculate and analyze the total factor productivity growth of 
Chinese provinces. The technology index consists of ICT investment, foreign direct investment, 
percentage of highly educated labor, and reform variables. Many researches (e.g., Chow, 2011; 
Miller & Upadhyay, 2002) also incorporated human capital in total factor productivity growth 
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and usually used some sort of human capital indices such as HDI (Human Development Index) 
mainly based on education level and others. 
There could be many other possible factors for determining total factor productivity growth 
in macroeconomics, but this study used technology innovation, quality of labor, cost savings, and 
economies of scale for total factor productivity growth determination. This paper also used 
output, profit, and profit growth as dependent variables to find how the total factor productivity 
growth affects a firm’s financial performance. The model used in this study is described as 
follows: 
 Figure 1: Productivity Determination & Influence Model 
  
3. Hypotheses 
 
3.1 Output growth driver of the selected US ICT firms 
 
The US ICT giants such as Google and Apple have been enjoying robust growth for recent 
years. When we think about those highly innovative ICT firms such as Google and Apple, we 
probably imagine some extremely smart engineers are working for long hours and producing 
some extraordinary innovative products. Those could be the source of their productivity and their 
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exceptional productivity could make their strong growth possible. This is a common perception 
toward the US ICT giants. So this paper will test that perception. 
 
H1: The output growth of the selected US ICT firms is positively related with total factor 
productivity growth. 
 
3.2 Factors affecting total factor productivity of selected US ICT firms 
 
Even if the solid growth of the selected US ICT firms is led by total factor productivity, it 
does not mean that the total factor productivity of the selected firms is coming from technology 
simply because those firms are based on the cutting-edge technology. We have to test what the 
real engine for the total factor productivity growth is regardless of whether the output growth is 
driven by the total factor productivity or not. Of course, the technology innovation and the 
quality of human capital would positively affect the firm’s total factor productivity. The costs 
would negatively affect the firm’s total factor productivity. However, the costs include R&D 
expenses. R&D activities are one of core competitiveness of high-tech companies such as 
Google and Apple, and R&D is believed to be essential for not only productivity but also 
survival in the high-tech industry. Do R&D expenses negatively affect the total factor 
productivity growth? Here we need to separate the input and the output of R&D. The R&D 
expense is the input of R&D activities. If R&D activities are successful, the output of R&D 
would be accumulated as a technology asset. If not successful, the R&D expense is a waste of 
money and would contribute nothing to the total factor productivity growth. In this paper, the 
cost factor includes R&D expense, but it only reflects the input side of R&D activities. The 
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influence of economies of scale is unclear, so this study initially assumes there are economies of 
scale in the selected US ICT firms’ total factor productivity growth. 
 
H2a: The quality of human capital positively affects the firm’s total factor productivity 
growth. 
H2b: The technology innovation positively affects the firm’s total factor productivity 
growth. 
H2c: The cost (including R&D) negatively affects the firm’s total factor productivity growth. 
H2d: There are economies of scale in total factor productivity growth. 
H2e: The factors affecting the firm’s total factor productivity growth are different across the 
selected firms. 
 
3.3 Total factor productivity and financial performance 
 
From testing the above hypotheses, we will find what affects the firms’ output growth. 
Besides that, what else does total factor productivity growth affect in terms of a firm’s financial 
performance? This study will test how a firm’s total factor productivity growth affects the firms’ 
output, profit, and profit growth.  
 
H3a: Total factor productivity positively affects a firm’s output (revenue.) 
H3b: Total factor productivity positively affects a firm’s profit. 
H3c: Total factor productivity positively affects a firm’s profit growth. 
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4. Methods and data 
 
4.1 Measure of total factor productivity 
 
4.1.1 Data 
This paper selected five major US ICT firms for analysis. The firms are Google, Apple, 
Intel, Oracle, and VMware. To avoid different accounting principle issues across countries, only 
US companies are used. To analyze the difference from the business nature, this study chose the 
companies focusing on single type of business such as software or hardware, rather companies 
focusing on multi type of businesses. And this study picked up as big companies as possible. 
Google, Oracle, and VMware are mainly software companies, while Apple and Intel are mainly 
hardware companies. Apple is well-known for its software products such as iOS, but the most of 
Apple’s revenues are from hardware products sales such as iPhone. Most of data is extracted 
from the firms’ annual reports from 2002 to 2015, subject to availability. The nominal wages of 
the companies are usually not in the annual reports; therefore the nominal wages are inferred 
from Payscale.com. This study took the average salaries of each company from Payscale.com. 
As a result, the number of observations is 52. The sample was not selected randomly and may 
not represent the whole US ICT companies. Table 1 shows the descriptive statistics of the sample. 
This study used SPSS for analyzing the data. 
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Table 1: Descriptive Statistics (million USD, ratio per previous year) 
 Note: NW = Nominal wage, NWG = Nominal wage growth, REV = Revenue, RND = R&D investment, RNDG = 
R&D investment growth, RNDR = R&D ratio (per revenue), RNDRG = RND ratio growth, PROFITG = Profit 
growth, PDT = Patent and developed technologies. 
 
Figure 2 ~ 5 show the revenues and the operating profits of each company. Intel was 
already a big company in 2003, but others were not so big in the early 2000s. The figures show 
the solid growth of the selected US ICT giants for recent years. 
Figure 2: Revenue and Operating Profit (Apple) 
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Figure 3: Revenue and Operating Profit (Google) 
 Figure 4: Revenue and Operating Profit (Intel) 
 Figure 5: Revenue and Operating Profit (Oracle) 
  
4.1.2 Measure of total factor productivity 
Index methods are widely used for calculating total factor productivity, such as Laspeyres 
index, Paashe index, Fisher index, Tornqvist index, and Malmquist index. This paper used 
Tornqvist index to calculate firm-level total factor productivity. The detail equation using 
Tornqvist index is as follows: 
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In the equation, r is the relative share of the outputs, q means the output, s represents the 
relative share among the input factors, and x means each input factors. This paper used revenue 
as output. Usually, the input factors are capital and labor. However, this is for national economy, 
not for firm-level. Therefore, this study added intermediate goods in the input factors. In the 
model, the capital is the sum of property and equipment and intangible assets, minus the change 
in inventory. This paper took the total amount of the labor cost as the labor input, which is the 
product of the total number of employees and the average nominal wage. Therefore, the quantity 
and the quality are considered in sum, not separately in the model. Finally, intermediate goods 
are calculated as total costs minus capital cost and labor cost, i.e. revenue – operating profit – 
depreciation & amortization – labor cost.  
Figure 6 ~ 9 show the trend of revenues, R&D expenses, and the total factor productivity of 
each firm. Despite the upward trends of revenues and R&D expenses, the total factor 
productivity shows a considerable amount of fluctuation. 
 
 
 
 
 
 
 
 
 
 
 
21 
 
Figure 6: Revenue, R&D expense, and Total Factor Productivity Growth (Apple) 
  
Figure 7: Revenue, R&D expense, and Total Factor Productivity Growth (Google) 
  
Figure 8: Revenue, R&D expense, and Total Factor Productivity Growth (Intel) 
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Figure 9: Revenue, R&D expense, and Total Factor Productivity Growth (Oracle) 
  
Table 2: Descriptive Statistics (Contribution to Output Growth) 
 
Table 2 shows the summary statistics of the total contribution to the output growth of each 
input factor. On average, capital growth contributes 6.9% of the selected US ICT firms’ output 
growth. Labor growth accounts for 2.6% of the total output growth. Interestingly, the total factor 
productivity growth contributes even -0.47% of the total output growth. However, this does not 
mean the total factor productivity growth is not significant in explaining the yearly firm-level 
output growth. 
 
4.2 Results 
 
4.2.1 Output growth driver of the selected US ICT firms 
To find the output growth driver of the selected US ICT firms, this study simply used 
capital growth, labor growth, and total factor productivity growth as an independent variable. 
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From this test, we will find how the input factors (capital, labor, and total factor productivity) 
affect the ICT firms’ output growth. The estimated regression model is:  
lnQ ൌ α ൅ β ln 𝑇𝐹𝑃𝐺 ൅ γ ln 𝐾 ൅ δ ln 𝐿 
 
where Q is output growth, TFPG is total factor productivity growth, K is capital input growth, 
and L is labor input growth. 
Table 3: Regression Result for Output Growth 
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Table 3 shows that the regression model is valid (F = 15.815, p = 0) and capital input 
growth and total factor productivity growth explain 36.7% of the difference in the firms’ output 
growth (R2adj = 0.367.) Capital input growth is the most important factor in explaining the output 
growth with standardized β = 0.792, followed by total factor productivity growth with 
standardized β = 0.537. If a firm’s capital input growth increases by 1%, the firm’s output 
growth would increase by 2.315%. In addition, if a firm’s total factor productivity growth 
increases by 1%, the firm’s output growth would increase by 1.35%. This result does not exactly 
match the initial expectation, because even in ICT firms, capital input growth is the most 
influential factor for their output growth. However, total factor productivity growth still remains 
statistically important for the selected ICT firms’ output growth. 
 
4.2.2 Factors affecting total factor productivity of selected US ICT firms 
As a second step, this paper developed a regression model for firm-level total factor 
productivity growth. As mentioned earlier, the model adopted four input factors such as scale 
effect, cost saving, quality of labor, and technology innovation. The estimated regression model 
is: 
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ln 𝑇𝑃𝐹𝐺 ൌ 𝛼 ൅ 𝛽ଵ ln 𝑅𝐸𝑉௧ିଵ ൅ 𝛽ଶ ln 𝑅𝑁𝐷 ൅ 𝛽ଷ ln 𝑅𝑁𝐷𝐺 ൅ 𝛽ସ ln 𝑅𝑁𝐷 ∗ 𝑅𝑁𝐷𝐺 ൅ 𝛽ହ ln 𝑅𝑁𝐷𝑅
൅ 𝛽଺ ln 𝑅𝑁𝐷𝑅𝐺 ൅ 𝛽଻ ln 𝑅𝑁𝐷𝑅 ∗ 𝑅𝑁𝐷𝑅𝐺 ൅ 𝛽଼ ln 𝑁𝑊 ൅ 𝛽ଽ ln 𝑁𝑊𝐺
൅ 𝛽ଵ଴ ln 𝑁𝑊 ∗ 𝑁𝑊𝐺 ൅ 𝛽ଵଵ ln 𝐿𝐴𝐵𝑂𝑅 ൅ 𝛽ଵଶ ln 𝐿𝐴𝐵𝑂𝑅𝐺 ൅ 𝛽ଵଷ ln 𝐿𝐴𝐵𝑂𝑅 ∗ 𝐿𝐴𝐵𝑂𝑅𝐺
൅ 𝛽ଵସ ln 𝑃𝐷𝑇 ൅ 𝛽ଵହ ln 𝑃𝐷𝑇𝐺 ൅ 𝛽ଵ଺ ln 𝑃𝐷𝑇 ∗ 𝑃𝐷𝑇𝐺 ൅ 𝛽ଵ଻ ln 𝑃𝐷𝑇𝐺𝑝𝑅𝑁𝐷𝐺 
 
where REV is previous year’s revenue for testing a scale effect, RND and RNDG are R&D 
expense and its growth, RNDR and RNDRG are R&D ratio per revenue and its growth, NW and 
NWG are nominal wage and its growth, LABOR and LABORG are labor cost and its growth, 
and PDT and PDTG are patent and developed technology in the balance sheets and its growth. 
This study divided the cost factors into R&D related costs and labor costs. The R&D related 
costs are also divided into R&D expense and R&D expense ratio per revenue. Doing so, if the 
cost factors are affecting the firms’ total factor productivity growth, we would find specifically 
which cost is more influential. Nominal wage is used as a proxy for quality of labor. Higher 
nominal wages usually mean better talents. Of course, labor costs reflect individual nominal 
wages, but the total labor cost which is the product of the total number of employees and 
nominal wage indicates the quantity side of labor input, because ten employees of $10,000 and 
one employee of $100,000 are treated as the same labor input. Similarly, the total R&D expense 
means the quantity side of R&D activities for technology innovation, but patent and developed 
technology in the firms’ balance sheets would explain only the successful result of R&D 
activities and technology innovation.  
The model incorporated five interaction terms to see the impact of growth rates as well as 
the absolute size in measuring R&D expense, R&D ratio, labor costs, nominal wage, and patent 
and developed technology. Thus this model could capture the effects of each factor more 
precisely. Table 4 shows that the regression model is valid (F = 6.233, p = 0.005) and 20.7% of 
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the firms’ total factor productivity growth variances can be explained with this model (R2adj = 
0.367.) 
 
Table 4: Regression Result for Total Factor Productivity Growth 
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Interestingly, PDTxPDTG is the most important factor for the firms’ total factor 
productivity growth, but negatively related. The second important factor is nominal wage growth 
and also negatively related. This result is also against my initial expectation. Initially, I assumed 
patent and developed technology is regarded as a technology innovation factor, not a cost factor. 
Also, nominal wage growth is believed to be the quality of labor. However, the result indicates 
that patent and developed technology and nominal wage growth are acting like a cost factor. In 
addition, there is no statistical evidence for scale effects 
As a next step, I did the same regression analyses independently on each firm to see whether 
the total factor productivity growth factors are same across the firms. In the suggested regression 
model, nothing is statistically significant for Google and Apple. Only Oracle, Intel, and VMware 
produced statistically significant results under the suggested regression model. Table 5 shows 
that the regression model is valid (F = 18.314, p = 0.001) and 77.6% of Intel’s total factor 
productivity growth variances can be explained with this model (R2adj = 0.776.) 
 
Table 5: Regression Result for Total Factor Productivity Growth (Intel) 
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In the case of Intel, R&D ratio growth and patent and developed technology growth are the 
most and the second important cost factors for the total factor productivity growth, respectively.  
 
Table 6: Regression Result for Total Factor Productivity Growth (Oracle) 
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Table 6 shows the case of Oracle. The regression model is valid (F = 8.405, p = 0.018) and 
42.5% of the firm’s total factor productivity growth variances can be explained with this model 
(R2adj = 0.425.) The most influential factor for the company’s total factor productivity growth is 
patent and developed technology. Unlike the above results, in the case of Oracle, patent and 
developed technology is acting as a technology innovation factor and reflecting the successful 
results of company’s R&D activities. Moreover, none of the other factors is statistically 
significant in explaining the company’s total factor productivity growth. This is a very 
interesting result and could be strong empirical evidence that successful R&D activities are 
enormously important for the company’s total factor productivity growth in some companies like 
Oracle. 
 
Table 7: Regression Result for Total Factor Productivity Growth (VMware) 
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Table 7 shows the case of VMware. The regression model is valid (F = 20.474, p = 0.004) 
and 73.6% of the firm’s total factor productivity growth variances can be explained with this 
model (R2adj = 0.736.) In this company, nominal wage is not acting as quality of labor, rather 
acting as a cost factor. The labor cost factor is the most important factor in explaining the firm’s 
total factor productivity growth variances. None of the other factors is statistically significant for 
this company’s total factor productivity growth. 
As discussed above, the factors affecting a firm’s total factor productivity growth are 
different across the selected firms. There is no statistically significant factor for the total factor 
productivity growth of Google and Apple. In the case of Intel, R&D ratio per revenue growth is 
the most important cost factor (negatively related) for the firm’s total factor productivity growth, 
while in the case of Oracle, patent and developed technology is the most influential factor 
(positively related) for the firm’s total factor productivity growth. In the case of VMware, the 
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interaction of nominal wage and nominal wage growth is the most negatively related factor for 
the firm’s total factor productivity growth. 
 
4.2.3 Total factor productivity and financial performance 
As a next step, the study developed a regression model to test how total factor productivity 
growth, capital growth, and labor growth affect a firm’s financial performance. Originally, total 
factor productivity growth is derived from the relationship among output growth, capital input 
growth, and labor input growth. However, we don’t know how total factor productivity growth, 
capital input growth, and labor input growth affect a firm’s other financial performances such as 
revenue itself, profit, and profit growth. The estimated regression model is: 
ln 𝐹𝑖𝑛𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 ൌ 𝛼 ൅ 𝛽 ln 𝑇𝐹𝑃𝐺 ൅ 𝛾 ln 𝐾 ൅ 𝛿 ln 𝐿 
 
where FinPerformance is a firm’s financial performance indicator such as revenue, profit and 
profit growth, TFPG is the firms’ total factor productivity growth, K is the firms’ capital input 
growth, and L is the firms’ labor input growth. 
Table 8 shows the result of the regression analysis for revenue. The regression model is 
valid (F = 19.417, p = 0) and 26.5% of the firm’s revenue variances can be explained with this 
model (R2adj = 0.265.) The regression result indicates that the firms’ revenue is significantly and 
negatively related with the firms’ labor input growth. If a firm’s labor input increases by 1%, the 
firm’s revenue would decrease by 22.387%. The firms’ capital input growth and total factor 
productivity growth are not significantly related with the firms’ revenue. 
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Table 8: Regression Result for Revenue 
 
 
 
 
 
Table 9 shows the result of the regression analysis for profit. The regression model is valid 
(F = 16.574, p = 0) and 23.4% of the firm’s profit variances can be explained with this model 
(R2adj = 0.234.) The regression result indicates that the firms’ profit is significantly and 
negatively related with the firms’ labor input growth. If a firm’s labor input increases by 1%, the 
firm’s profit would decrease by 23.996%. The firms’ capital input growth and total factor 
productivity growth are not significantly related with the firms’ profit. 
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Table 9: Regression Result for Profit 
 
 
 
 
Table 10 shows the result of the regression analysis for profit growth. The regression model 
is valid (F = 41.466, p = 0) and 61.3% of the firm’s profit growth variances can be explained 
with this model (R2adj = 0.613.) The regression result indicates that the firms’ profit growth is 
significantly and positively related with the firms’ total factor productivity growth the most, 
followed by the firms’ capital input growth. If a firm’s total factor productivity growth increases 
by 1%, the firm’s profit growth would increase by 0.533%. Similarly, if a firm’s capital input 
growth increases by 1%, the firm’s profit growth would increase by 0.523%. The firms’ labor 
input growth is not significantly related with the firms’ profit growth. 
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Table 10: Regression Result for Profit Growth 
 
  
To sum up, a firm’s revenue and profit are significantly and negatively related with the 
firm’s labor input growth. But a firm’s profit growth is significantly and positively related with 
the firm’s total factor productivity and capital input growth. If a firm want to maximize revenue 
and profit and profit growth at the same time, the firm should reduce the firm’s labor input 
growth and increase capital input growth and total factor productivity growth.  
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5. Conclusion 
 
5.1 Discussion and limitation of the study 
 
Table 11 shows the summary of the hypotheses test results. From the result, we found that 
the output growth of the selected US ICT firms is positively related with the firms’ total factor 
productivity growth. However, the firms’ total factor productivity growth is not the most 
important factor, but the second important factor. The selected firms’ output growth is mainly 
contributed by the firms’ capital input growth. One possible reason is that the firms’ capital 
accumulation is still going on and has not reached to a saturation point. The firms’ labor input 
growth is not significantly related with the firms’ output growth. 
As for the firms’ total factor productivity growth, the interaction of patent and developed 
technology and its growth is the most important factor and negatively related with the firms’ 
total factor productivity growth. The firms’ nominal wage growth is the second important factor 
and negatively related with the firms’ total factor productivity growth. Unlike the initial 
assumptions, patent and developed technology is not acting as a technology innovation factor, 
rather acting as a cost factor negatively affecting a firm’s total factor productivity growth. Also, 
the firms’ nominal wage growth is not acting as quality of labor, rather acting a cost factor. 
However, when looking at individual firms, the factors affecting a firm’s total factor productivity 
growth are different. This study did not found any statistically significant factors affecting the 
total factor productivity growth of Google and Apple. In the case of Intel, R&D ratio per revenue 
growth is the most important and negatively related with Intel’s total factor productivity growth. 
Intel is a semi-conductor design company, which requires huge and long-term R&D investments. 
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Therefore, Intel’s total factor productivity growth seems to be very sensitive to the ratio of R&D 
expenses over its revenue. On the other hand, in the case of Oracle, patent and developed 
technology is the most important factor and positively related with its total factor productivity 
growth. In Oracle’s balance sheet, patent and developed technology properly reflects the 
successful outcomes of its R&D activities. 
This paper did not found any evidence that a firm’s quality of labor affects the firm’s total 
factor productivity growth. However, it does not mean a firm’s quality of labor does not affect 
the firm’s total factor productivity growth. This research used nominal wage as a proxy for a 
firm’s quality of labor, but the results suggest that nominal wage often serves as a cost factor, not 
a quality factor. In the future, we need to find another variable to capture a firm’s quality of labor 
properly. 
Finally, the firms’ revenue and profit are significantly and negatively related with the firms’ 
labor input growth. The firms’ profit growth is significantly and positively related with the firms’ 
total factor productivity growth and capital input growth. In estimating a firm’s profit growth, the 
firm’s total factor productivity growth is the most important factor, followed by the firm’s capital 
input growth. To sum up, the absolute numbers (revenue and profit) are mainly negatively 
correlated with the firms’ labor input growth and the growth rates (revenue growth and profit 
growth) are positively correlated with the firms’ total factor productivity growth and capital 
input growth. From this result, we can infer that the way to maximize revenue and profit as well 
as revenue and profit growth is to minimize the labor input growth and to maximize the capital 
input growth and the total factor productivity growth. 
Due to the limitation of the sample size and the sampling method, this result may not 
represent the whole population of the US ICT firms. In addition, since we found that the factors 
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affecting a firm’s total factor productivity growth are different across the firms, it would be 
difficult to generalize the factors affecting ICT firms’ total factor productivity growth. 
 
Table 11: Results of Hypotheses Testing 
Hypotheses Result 
H1a: The output growth of the selected US ICT firms is positively related with 
total factor productivity growth. 
Supported 
H2a: The quality of human capital positively affects the firm’s total factor 
productivity growth. 
H2b: The technology innovation positively affects the firm’s total factor 
productivity growth. 
H2c: The cost (including R&D) negatively affects the firm’s total factor 
productivity growth. 
H2d: There are economies of scale in total factor productivity growth. 
H2e: The factors affecting the firm’s total factor productivity growth are different 
across the selected firms 
Not Supported 
 
Partially 
Supported 
Partially 
Supported 
Not Supported 
Supported 
H3a: Total factor productivity positively affects a firm’s output (revenue.) 
H3b: Total factor productivity positively affects a firm’s profit. 
H3c: Total factor productivity positively affects a firm’s profit growth. 
Not Supported 
Not Supported 
Supported 
 
5.2 Future research 
 
As discussed above, the model in this study might not reflect all factors affecting a firm’s 
total factor productivity growth. However, the study addressed the basic relationship between the 
firm-level total factor productivity growth and the elements in the selected firms’ financial 
statements. Future researches could extend the sample size to capture the relationship discussed 
in this paper more accurately. Also, it would be meaningful to compare the US firms case and 
other countries’ firms such as Korean companies. Furthermore, comparing ICT firms and other 
industries or comparing software companies and hardware companies in the ICT industry would 
be valuable. 
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